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ABSTRACT
Objective: This study aims to assess the measurement properties of the Major Depression
Inventory (MDI) in a clinical sample of primary care patients.
Design: General practitioners (GPs) handed out the MDI to patients aged 18–65 years on clinical
suspicion of depression.
Setting: Thirty-seven general practices in the Central Denmark Region participated in the study.
Patients: Data for 363 patients (65% females, mean age: 49.8 years, SD: 17.7) consulting their
GP were included in the analysis.
Main outcome measures: The overall fit to the Rasch model, individual item and person fit,
and adequacy of response categories were tested. Statistical tests for local dependency, unidi-
mensionality, differential item functioning, and correct targeting of the scale were performed.
The person separation reliability index was calculated. All analyses were performed using
RUMM2030 software.
Results: Items 9 and 10 demonstrated misfit to the Rasch model, and all items demonstrated
disordered response categories. After modifying the original six-point to a five-point scoring sys-
tem, ordered response categories were achieved for all 10 items. The MDI items seemed well
targeted to the population approached. Model fit was also achieved for core symptoms of
depression (items 1–3) and after dichotomization of items according to diagnostic procedure.
Conclusion: Despite some minor problems with its measurement structure, the MDI seems to
be a valid instrument for identification of depression among adults in primary care. The results
support screening for depression based on core symptoms and dichotomization of items
according to diagnostic procedure.
KEY POINTS
 The Major Depression Inventory (MDI) is widely used for screening, diagnosis and monitoring
of depression in general practice.
 This study demonstrates misfit of items 9 and 10 to the Rasch model and a need to modify
the scoring system
 The findings support screening for depression based on core symptoms and dichotomization
of items according to diagnostic procedure.
 Minor problems with measurement structure should be addressed in future revisions of
the MDI.
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Introduction
The 10-item depression scheme Major Depression
Inventory (MDI) is widely used in general practice in
Denmark [1]. The MDI was originally developed in
Danish [2], but it has been translated into several lan-
guages, including English.
The MDI is intended to be used both as a diagnos-
tic instrument using the algorithms leading to the
ICD-10 and DSM-IV categorization of depression [3]
and as a measuring instrument in which the total
score is considered a sufficient statistic for monitoring
the level of depression [4].
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The MDI is a self-report checklist, which includes:
(1) feeling sad, (2) loss of interest, (3) lack of energy,
(4) lack of self-confidence, (5) feelings of guilt, (6) feel-
ing that life is not worth living, (7) concentration prob-
lems, (8) feeling restless/slowed down, (9) sleeping
problems, and (10) reduced/increased appetite.
Patients are asked to what extent the symptoms have
been present during the last two weeks. Items are
completed on a 6-point Likert scale with the response
options: (0) “at no time”, (1) “some of the time”, (2)
“slightly less than half of the time”, (3) “slightly more
than half of the time”, (4) “most of the time”, and (5)
“all the time”. Items 8 and 10 are divided into two
sub-items, and only the highest score on each sub-
item is used.
To study depression severity in relation to treat-
ment outcome, a simple sum of the ten items is used
(range: 0–50). The three core items of the MDI (items
1–3) are considered a sufficient measure of screening
for depression [1]. In order to diagnose depression
according to the ICD-10 criteria, items 1–3 are dicho-
tomized between response categories 4 and 5,
whereas items 4–10 are dichotomized between
response categories 3 and 4.
The Rasch model is considered a valuable reference
standard for several reasons: it has no assumption of
normal distribution of data, it can include data on an
ordinal scale, and the model provides formal represen-
tation of a perfect scale. If data fits the Rasch model,
the scale possesses criterion-related construct validity,
unidimensionality, additivity, specific objectivity, suffi-
ciency and reliability [5,6]. A consequence of the prin-
ciple of specific objectivity is that the estimated
difference in ability between two people is independ-
ent of the difficulty of any particular test item used to
compare them [7]. In the Rasch model, the response
to any particular item is a function of the difference
between the estimated ability of the person (e.g. the
level of depression) and a specific characteristic of the
item; this represents the difficulty of the item (e.g. the
level of depression implied by the item) on a continu-
ous latent variable. The Rasch model assumes that the
“easier” the item is to endorse, the more likely it will
be affirmed. Likewise, the more affected the respond-
ent is, the more likely the respondent will be to affirm
an item compared to a less affected individual.
The MDI has not previously been evaluated using
Rasch analysis on a clinical sample of adults in primary
care. We set out to address this. More specifically, the
analysis aimed to assess the model fit of three sub-
scale scores to the Rasch model: the MDI-10 (summary
score used for monitoring), the MDI-3 (core symptoms
used for screening), and the dichotomized version of
the MDI-10 (used for diagnostics).
Material
The data material was based on a primary care study
aiming to assess the effectiveness of depression
screening using the MDI [8]. A total of 440 GP practi-
ces in the Central Denmark Region were invited to
participate in the study. Of these, 77 (17.5%) volun-
teered to participate. Due to financial restrictions, a
random sample of 50 practices from the volunteers
was included. The GPs in these practices participated
in the study from 1 October to 1 December 2008.
Patients who were able to read and write Danish were
eligible for inclusion. All GPs were free to do either 1)
case-finding (testing for depression on clinical indica-
tion) or 2) screening (routine screening or screening of
specific risk groups, e.g. persons with diabetes or heart
disease). This study was based on the case-finding
sample in order to reflect daily practice and to ensure
the clinical validity of our findings. Data were not
sampled according to random selection as this is not
necessary for conducting the Rasch analysis.
Data analysis
Descriptive statistics were used to display the clinical
characteristics and the demographics of the study
population. The MDI data were analyzed using
RUMM2030 software [9] to test whether the pattern of
item responses observed in the data matched the
assumptions of the Rasch measurement model [7].
Due to the consistent polytomous structure (i.e. more
than two response categories) of the MDI, the initial
step in the Rasch analysis was to conduct a likelihood
ratio test. This determined which mathematical deriv-
ation of the Rasch model was more appropriate for
the data set. The restricted rating scale model
(Masters 1982) assumes the distance between item
thresholds to be equal across items, whereas the unre-
stricted partial credit model (Andrich 1988) [10] allows
for different distance of thresholds between items. A
significant result for the likelihood ratio test (p< .05)
rejects the use of the restricted rating scale model
and supports the use of the unrestricted partial credit
model instead.
The following fundamental aspects of Rasch ana-
lysis were assessed:
1. Overall fit to the model: The overall fit was eval-
uated using the total chi-square item-trait
106 K. S. CHRISTENSEN ET AL.
interaction statistics for the MDI [11,12]. A non-
significant chi-square probability value indicates a
good level of overall fit. The item person inter-
action statistics summarizes the individual item fit
and the person fit to the model. These standar-
dized fit residual values approximate a z-score.
Therefore, a perfect fit would result in a mean
value of 0 and a standard deviation of 1 [11].
These summary residual statistics (and deviations
from the perfect values) may give an overall
impression of the fit, but they do not reveal spe-
cific item-level or person-level misfit.
2. Adequacy of the response categories: Threshold
maps and category probability curves were exam-
ined to identify disordered thresholds as a poten-
tial cause of misfit [12]. A threshold is the point
between two adjacent response categories at
which the probability of the respondent endors-
ing either of the two options is 50% (e.g. equally
likely to score “1” or “2”) [13]. A disordered thresh-
old indicates that a response category is never
the most likely response at any underlying level
of the trait in question. This implies that the ori-
ginal response categories are not functioning as
intended, which may be due to a number of rea-
sons [11]. For example, assessors may find it diffi-
cult to differentiate between the various response
categories for this particular item. The Rasch
model is the only IRT model that allows testing of
response categories, whereas other IRT models
assume correct ordering [12]. When disordered
response categories were encountered, categories
were collapsed for all items, rescored to adjust for
the apparent disorder, and retested to examine
how this affects the fit to the Rasch model.
3. Individual item and person fit: Standardized fit
residual values for items and persons were exam-
ined for any indication of misfit (values outside ±
2.5). The residual value is the deviation from the
Rasch model summated for each individual item
or person [11]. Standardized fit residuals are calcu-
lated as differences between observed and calcu-
lated responses divided by the standard deviation
of the calculated responses. Individual item chi-
square fit statistics were also assessed using a
Bonferroni-adjusted alpha level [12].
4. Local dependency: The response to any one item
is dependent on the response to any other item
after controlling for the underlying trait. To inves-
tigate the local dependency between items, a
residual correlation value of more than 0.2 above
the average of all item residual correlations was
considered indicative of local dependence [14].
5. Unidimensionality: To determine whether the scale
was measuring a single unidimensional construct,
a principal component analysis of the residuals
was conducted to identify the two most different
subsets of items (i.e. the most positively and
negatively factor loading items on the first com-
ponent). Paired t-tests were performed to com-
pare the scores on the two subsets of items for
each person in the sample [15]. If more than 5%
of the t-tests were significant (i.e. if the lower 95%
confidence limit exceeded 5%), the scale was not
considered to be unidimensional.
6. Differential item functioning (DIF): DIF is a certain
form of item bias that can occur when different
patient groups within the sample (e.g. males and
females), despite equal levels of the underlying
trait, respond differently to an item. DIF was
examined for each item with respect to age
(dichotomized at a median of 55 years) and gen-
der using analysis of variance with a Bonferroni-
adjusted alpha level [11]. When one subgroup
(e.g. females) consistently scores differently on an
item across all levels of the trait, this is known as
uniform DIF. When the DIF varies across levels of
the trait, this is known as non-uniform DIF.
7. Targeting of the scale: Targeting of the instrument
is assessed by comparing the mean location score
for persons with the mean value of zero set for
the difficulty of the items. For a well targeted
scale, the mean location for persons would be
close to zero, which is indicated by inspection of
the person-item threshold distribution
map [11,12].
8. Person separation reliability index (PSI): The PSI is
examined to assess the internal consistency reli-
ability of the scale and the ability of the measure
to discriminate amongst persons with different
levels of the underlying trait. Interpretation is
comparable to Cronbach’s alpha coefficient, where
the minimum values of 0.7 and 0.85 indicate
acceptable reliability for group and individual use,
respectively [12].
Results
Sample
In this study, we included persons aged 18–60 years.
Of the 363 respondents, 65.0% were female. Mean
age was 49.8 years (standard deviation (SD) = 17.7);
mean for men = 50.9, mean for women = 49.5,
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p¼ .49. According to the ICD-10 diagnostic algorithm,
57% (n¼ 207) of the sample were diagnosed
with depression.
Type of rasch model
Of the 363 respondents, three were excluded due to
extreme scores and 10 due to missing values. Extreme
scores were excluded from the analysis as they pro-
vide no information on rank ordering of persons and
items. Rasch analysis can handle missing data, but as
non-response may indicate lack of engagement with
questions, we chose to exclude missing data from our
analysis. This left us with 350 records available for ana-
lysis. The likelihood ratio test, investigating the
hypothesis that the partial credit model fits no better
than the rating scale model, was significant
(p< .00001) for the MDI, thus supporting the use of
the unrestricted partial credit model in this study.
Fit to the rasch model
Initial analysis of the MDI revealed a significant item-
trait interaction statistic (v2¼ 117.32, degrees of free-
dom (d.f.)¼ 90, p¼ .028), indicating misfit to the
model (Table 1, Analysis 1). Summary fit residual SDs
for items (SD¼ 2.06) and persons (SD¼ 1.23) were
within acceptable limits. The initial analysis fit statistics
for each individual item are presented in Table 2. This
indicates that item 9 is problematic in terms of the v2
statistic and item fit residual and that item 10 is prob-
lematic in terms of item fit residual.
Adequacy of the response categories
Inspection of the category probability curves demon-
strated disordered response thresholds for all 10 items.
The curves indicated that assessors could not truly dif-
ferentiate between response categories 2 “slightly less
than half of the time” and 3 “slightly more than half
of the time” on the original six-point scale (Figure 1).
However, creating a five-point scoring system for all
items by collapsing these two response categories
into a single category resulted in ordered thresholds
for all ten items, but without significantly improving
the fit to the model (Table 1, Analysis 2). This is graph-
ically illustrated in Figure 2(A), which shows that each
response category, as the level of trait increases, has a
point along the level of trait at which it is the most
likely response category to be endorsed.
Local independency
Indication of local dependency between items was
found as the residual correlations were above 0.2 for
item pairs, including items 9 and 10 (Supplementary
data, Table S1).
Unidimensionality
Testing for dimensionality revealed significant t-tests
outside the critical value of 5%, which indicates that
the MDI may not be a unidimensional construct
(Table 1, Analysis 1–2). When we excluded item 9,
both the item with the largest item fit residual and
the overall item fit improved, and t-test values fell
within the 5% limit; this suggests unidimensionality of
the MDI (Table 1, Analysis 3).
Scale reduction and dichotomization of items
Model fit was achieved when the scale was reduced
to core symptoms (items 1–3) of depression (Table 1,
Analysis 4). Dichotomization of response categories
according to diagnostic criteria (000011 for items 1–3
and 000111 for items 4–10) demonstrated no signifi-
cant effect on the overall item fit statistics (Table 1,
Analysis 5). Diagnostic dichotomization of items
resulted in ordered response categories as illustrated
in Figure 2(B).
Differential item functioning
The MDI demonstrated no item bias (DIF) with respect
to sex and age (Supplementary data, Tables S2
and S3).
Table 1. Model fit statistics for MDI items.
Action Analysis Overall model fit
Items fit residual
Mean (SD)
Persons fit residual
Mean (SD) PSI
Significant t-tests (%)
(CI 95%)
Case-finding, N¼ 350 1 v2(90)¼ 117.32, p¼ .028 0.30 (2.06) 0.30 (1.23) 0.88 7.65 (5.15–11.03)
Rescoring all items, N¼ 350 2 X2(90)¼ 126.40, p¼ .007 0.32 (2.08) 0.34 (1.33) 0.88 7.65 (5.15–11.03)
Excluding item 9, N¼ 350 3 X2(90)¼ 83.94, p¼ .389 0.26 (1.50) 0.33 (1.19) 0.88 4.53 (2.64–7.32)
Core symptoms: items 1–3, N¼ 338 4 v2(24)¼ 29.92, p¼ .187 0.29 (0.76) 0.43 (0.96) 0.76 6.23 (3.88–9.34)
Diagnostic dichotomization, N¼ 276 5 v2(80)¼ 87.25, p¼ .271 0.03 (1.43) 0.06 (0.69) 0.72 2.83 (1.26–5.63)
v2(df): chi-square (degrees of freedom); p: probability; SD: standard deviation; PSI: person separation index (with extremes); CI: Confidence Interval. All
analyses are separate analyses. Subsequent reduction in N is due to exclusion of extreme scores from the analysis, as they provide no information on
rank ordering of persons or items.
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Targeting and reliability
Inspection of the person-item distribution map
(Figure 3) revealed that the scale was reasonably well
targeted (mean person location was 0.072;
SD¼ 0.952). The easiest item to endorse was item 3
“lack of energy”, and the hardest item to endorse was
item 6 “feeling that life is not worth living”. Person
separation reliability was well above the acceptable
limit (0.80), indicating that the MDI could reliably dis-
tinguish between different persons.
Discussion
To our knowledge, this is the first study to perform
Rasch analysis on the MDI in a clinical population of
primary care patients. The findings of this study have
shown that item 9 (sleep problems) and item 10
(appetite problems) demonstrated misfit to the Rasch
model. Our analyses revealed that all ten items dem-
onstrated disordered response categories. After modi-
fying the original six-point scoring system to a five-
point system, ordered response categories were
achieved for all ten items. Dichotomization of items
according to the ICD-10 diagnostic procedure demon-
strated ordered response categories for all ten items.
The total MDI scale was reasonably well targeted, as
demonstrated by an overlap between person ability
and item difficulty on the person-item threshold dis-
tribution map. The threshold map showed minor clus-
tering of persons at the lower levels of the trait (i.e.
floor effect), and only few gaps were found in the
spread of both items and persons over the range of
the construct.
Comparison with other studies
Olsen et al. [16] have previously assessed the validity
of the MDI in a mixed group of inpatients and outpa-
tients in rheumatic and psychiatric care. Findings
from their study suggested the MDI to be rank-
ordered and have a unidimensional construct.
Conflicting with these results, a recent study by Amris
[17] in female patients with chronic widespread pain
identified problems with both scalability and unidi-
mensionality of the MDI. In accordance with our find-
ings, Amris and colleagues suggest that response
categories 2 and 3 should be collapsed into a new
category (termed ‘half of the time’) to achieve suffi-
cient rating scale properties. While Amris et al. sug-
gest exclusion of items 9 and 10, we suggest this
issue to be further investigated first. The misfit of
items 9 and 10 may be caused by an overlap withTa
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symptoms of somatic illness, anxiety, or medication of
respondents (DIF). It is likely that comorbidity and
medical treatment may affect both sleep and appetite.
Therefore, we recommend clinicians to carefully evalu-
ate the impact of comorbid conditions and medical
treatment when considering responses to items 9
and 10.
Limitations
The sample of participants is restricted to a case-find-
ing sample of 18- to 65-year-olds and may not fully
represent the diverse characteristics found within a
population of patients tested for depression in primary
care.
In its current format, the MDI displays minor prob-
lems with regard to its measurement structure among
a primary care sample of persons tested on clinical
indication of depression. However, these problems can
be addressed to help ensure development of a more
reliable and stable tool. The results also offer support
for the MDI-3 as a screening tool for depression and
for the dichotomization of items according to the
diagnostic algorithm.
Figure 2. All 10 MDI items displayed disordered six-point response categories and corrected five-point response categories (A).
Dichotomization according to diagnostic algorithm revealed ordered response categories (B). All items are sorted in location order.
Figure 1. The MDI category probability curves for item 1 ‘feeling sad’ displaying disordered six-point response categories and cor-
rected five-point response categories.
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Meaning and implications for clinicians
Our findings support screening for depression by sim-
ply asking about three core symptoms: 1) Do you feel
sad? 2) Have you lost interest in things? and 3) Do
you feel lack of energy? If the responses to at least
two of these questions are positive (“Yes”), the patient
should be encouraged to fill in the entire MDI ques-
tionnaire. Dichotomization of responses according to
scoring procedure provides a good basis for ranking
of depression severity. Patients scoring with depres-
sion should be further clinically assessed and provided
with further resources. A total summary score may be
useful for monitoring purposes, but minor adjustment
of response categories and modification or exclusion
of items 9 and 10 should be considered in future revi-
sions of the MDI.
Disclosure statement
No potential conflict of interest was reported by the authors.
Funding
This study was supported by an unrestricted grant from the
Lundbeck Foundation (grant number: R155-2012-11280).
Ethical approval
The study was approved by the Danish Data Protection
Agency (ref. no. 2008-41-2314) and the Multipractice Study
Committee of the Danish College of General Practitioners
(ref. no. MPU 17-2008).
References
[1] Danish College of General Practitioners. Unipolar
Depression. Klinisk Vejledning for Almen Praksis 2010;
[Unipolar depression. Clinical guidelines for general
practice], [cited 27 Nov 2018] https://vejledninger.
dsam.dk/depression/
[2] Bech P, Stage KB, Nair NPV, et al. The Major
Depression Rating Scale (MDS). Inter-rater reliability
and validity across different settings in randomized
moclobemide trials. Danish University Antidepressant
Group. J Affect Disord. 1997;42:39–48.
[3] Bech P, Rasmussen N-A, Olsen LR, et al. The sensitivity
and specificity of the Major Depression Inventory,
using the Present State Examination as the index of
diagnostic validity. J Affect Disord. 2001;66:159–164.
[4] Bech P, et al. Psychometric evaluation of the Major
Depression Inventory (MDI) as depression severity
scale using the LEAD (Longitudinal Expert Assessment
of All Data) as index of validity. BMC Psychiatry. 2015;
15:190.
[5] Andersen EB. Sufficient statistics and latent trait mod-
els. Psychometrika. 1977;42:69–81.
[6] Rosenbaum PR. Criterion-related construct validity.
Psychometrika. 1989;54:625–633.
[7] Rasch G. Probalistic models for some intelligence and
attainment tests. Studies in mathematical psychology
I. Copenhagen: Pedagogic Institute in Denmark; 1960.
[8] Christensen KS, Sokolowski I, Olesen F. Case-finding
and risk-group screening for depression in primary
care. Scand J Prim Health Care. 2011;29:80–84.
[9] Andrich, D, Sheridan, BS, Luo, G. (2010). RUMM2030:
Rasch Unidimensional Models for Measurement.
Perth, Western Australia: RUMM Laboratory; 2010.
[10] Andrich D. Rasch models for measurement. Newbury
Park: Sage Publications Inc.; 1988.
[11] Pallant JF, Tennant A. An introduction to the Rasch
measurement model: an example using the Hospital
Figure 3. The person-item threshold map for the MDI items for the primary care sample. A total of 57% of persons were classi-
fied as clinically depressed according to the MDI algorithm.
SCANDINAVIAN JOURNAL OF PRIMARY HEALTH CARE 111
Anxiety and Depression Scale (HADS). Br J Clin
Psychol. 2007;46:1–18.
[12] Tennant A, Conaghan PG. The Rasch measurement
model in rheumatology: what is it and why use it?
When should it be applied, and what should one
look for in a Rasch paper? Arthritis Rheum. 2007;57:
1358–1362.
[13] Amin L, Rosenbaum P, Barr R, et al. Rasch analysis of the
PedsQL: an increased understanding of the properties of
a rating scale. J Clin Epidemiol. 2012;65:1117–1123.
[14] Marais I, Andrich D. Effects of varying magnitude and
patterns of response dependence in the unidimen-
sional Rasch model. J Appl Meas. 2008;9:105–124.
[15] Smith EV, Jr. Detecting and evaluating the impact of
multidimensionality using item fit statistics and princi-
pal component analysis of residuals. J Appl Meas.
2002;3:205–231.
[16] Olsen LR, Jensen DV, Noerholm V, et al. The internal
and external validity of the Major Depression
Inventory in measuring severity of depressive states.
Psychol Med. 2003;33:351–356.
[17] Amris K, Omerovic E, Danneskiold-Samsøe B, et al.
The validity of self-rating depression scales in patients
with chronic widespread pain: a Rasch analysis of the
Major Depression Inventory. Scand J Rheumatol.
2016;45:236–246.
112 K. S. CHRISTENSEN ET AL.
